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258a Monday, February 27, 2012domains and the mechanism of protein-protein complex formation are being
analyzed using a combination of analytical gel filtration and NMR spectros-
copy methods. These studies are providing information to further our under-
standing of the protein-protein assembly process at the sites of adhesion.
1. Ooshio et al. J. Biol. Chem. 279, 31365-31373 (2004).
2. Hu et al. Mol. Cell. Biol. 31, 3223-3240 (2011).
3. Holaska et al. Hum. Mol. Genet. 15, 3459-3472 (2006).
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Characterization of dexD/H-Box RNA Helicases Involved in Fission Yeast
Spliceosome
Yoshimasa Takizawa, Melanie D. Ohi.
Vanderbilt University, Nashville, TN, USA.
The spliceosome is a dynamic macromolecular machine that catalyzes the pre-
mRNA splicing reaction. The megadalton-sized spliceosome is composed of
four small nuclear RNPs (U1, U2, U5, and U4/U6) and numerous pre-mRNA
splicing factors. The formation of an active spliceosome involves a series of
regulated steps that requires the assembly and disassembly of large multipro-
tein/RNA complexes. At least eight DExD/H-box RNA helicases are involved
in the splicing reaction (Prp5/Prp11, Sub2/Uap56, Prp28, Brr2, Prp2/Cdc28,
Prp16, Prp22 and Prp43), and are highly conserved through yeast to human.
Previous studies showed that these RNA helicases are important for rearranging
the spliceosome during assembly, activation and disassembly. However, the
mechanism(s) of how they regulate and control spliceosomal conformational
changes remain elusive. To generate a structural based model for how RNA
helicases control spliceosome transitions, we are using the genetically tractable
fission yeast, Schizosaccharomyces pombe. To explore RNA helicase function
in the splicing reaction we have generated a bank of integrated dominant neg-
ative DExD/H RNA helicase alleles that are under the control of a conditional
promoter. As expected, cells over-expressing these mutants accumulate pre-
mRNA and die. We are now further characterizing the structural and functional
consequences to spliceosome complexes containing mutant helicases.
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Surface Loops in Evolution of Bispecific Protein: Protein Interactions
Poorni Adikaram, Dorothy Beckett.
University of Maryland, College Park, MD, USA.
The ability of the Escherichia coli protein, BirA, to function as both an essential
enzyme and a transcription repressor relies on use of a single surface for two
distinct protein:protein interactions. BirA hetero-dimerizes to catalyze the es-
sential post-translational biotin addition to acetyl-CoA carboxylase and
homo-dimerizes to bind site-specifically to DNA and repress transcription ini-
tiation at the biotin biosynthetic operon. Six surface loops on BirA, two of
which show sequence conservation in all biotin protein ligases and the remain-
der of which are highly variable, are located in the two interfaces. The function
of these loops in the two dimerization reactions was investigated by character-
izing alanine-substituted variants. Sedimentation equilibrium measurements
revealed that alanine substitution in both conserved and variable loops result
in large perturbations to homo-dimerization. By contrast, steady state kinetic
measurements of biotin transfer indicate that substitutions in only the con-
served loop sequences impact hetero-dimerization. The results illustrate how
protein surface loops can be used to evolve new interaction potential without
compromising pre-existing function. Supported by NIH grants R01GM46511
and S10RR15899.
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The Dimer Interface of SecA
Andy J. Wowor, Sarah M. Auclair, Dongmei Yu, Ping Zhao,
Debra A. Kendall, James L. Cole.
University of Connecticut, Storrs, CT, USA.
In prokaryotes and eukaryotes, the general secretion (Sec) pathway transports
preproteins across membranes. The ATPase SecA mediates preprotein translo-
cation through the integral membrane channel SecYEG. SecA exists in a mono-
mer-dimer equilibrium at micromolar concentrations that is highly sensitive to
salt concentration and temperature (1,2). Interestingly, the published crystal
structures of SecA reveal different dimerization interfaces. It is unclear which
of these structures, if any, represents the physiological dimer interface. In order
to address this question, we created mutations based on the alternative dimer
interfaces observed in the crystal structures. We determined the effect of ala-
nine mutation of interfacial residues on dimerization energetics using sedimen-
tation velocity. Residues for mutagenesis were chosen by computational
alanine scanning using the program ROBETTA. The residues selected for ala-
nine mutations were predicted to destabilize the interface by at least 1 kcal/mol.
The results are consistent with one of the crystal structures and suggest that it
represents the solution dimer interface.1. Woodbury, R. L., Hardy, S. J. & Randall, L. L. (2002). Complex behavior in
solution of homodimeric SecA. Protein Sci 11, 875-882.
2. Wowor, A. J., Yu, D., Kendall, D. A. & Cole, J. L. (2011). Energetics of
SecA dimerization. J Mol Biol 408, 87-98.
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Effects of Phe19 and Phe20Mutations on the Aggregation of A-Beta(16-22)
Derrick R. Dennis, Sean M. Decatur.
Oberlin College, Oberlin, OH, USA.
A-beta(16-22) is a seven-residue fragment of the amyloid beta polypeptide,
with sequence KLVFFAE. This fragment aggregates in aqueous solution, form-
ing antiparallel beta sheets that laminate into microcrystals. The in-register an-
tiparallel beta sheet conformation brings the oppositely charged end residues
(Lys and Glu) into proximity, suggesting that salt bridges play an important
role in stabilizing the aggregates. However, molecular dynamics simulations
suggest that the hydrophobic core, especially the phenylalanine resides, may
be the important factors in stabilizing the beta sheets. In this poster, we report
the results of substituting positions 19 and 20 with aliphatic residues differing
in length and branching of the side chain, from alanine through leucine. FTIR
spectroscopy is used to probe the degree of beta sheet formation, while near-
UV spectra are used to probe pi-pi stacking between phenylalanine side chains.
Overall, substitutions at Phe19 have a larger impact on beta sheet formation
than substitutions at position 20. The data suggest that the extent of pi stacking
is correlated with aggregate stability.
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Density Contrast Sedimentation Velocity for the Determination of Protein
Partial-Specific Volumes
Patrick H. Brown.
NIBIB, Bethesda, MD, USA.
The partial-specific volume of proteins is an important thermodynamic param-
eter required for the interpretation of data in several biophysical disciplines.
Building on recent advances in the use of density variation sedimentation
velocity analytical ultracentrifugation for the determination of macromolecular
partial-specific volumes, we have explored a direct global modeling approach
describing the sedimentation boundaries in different solvents with a joint
differential sedimentation coefficient distribution. This takes full advantage
of the influence of different macromolecular buoyancy on both the spread
and the velocity of the sedimentation boundary. It should lend itself well to
the study of interacting macromolecules and/or heterogeneous samples in
microgram quantities. Model applications to three protein samples studied in
either H2O, or isotopically enriched H218O mixtures, indicate that partial-
specific volumes can be determined with a statistical precision of better than
0.5%, provided signal/noise ratios of 50 - 100 can be achieved in the measure-
ment of the macromolecular sedimentation velocity profiles. The approach is
implemented in the global modeling software SEDPHAT.
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The Interaction Between Cisd2 and Bcl Proteins at a Non-BH3 Domain
Binding Site
Andrea R. Conlan1, John A. Zuris1, Mark L. Paddock1, Chen Katz2,
Sagi Tamir2, Shahar Rotem-Bamberger2, Assaf Friedler2,
Rachel Nechushtai2, Patricia A. Jennings1.
1UCSD, La Jolla, CA, USA, 2Hebrew University, Jerusalem, Israel.
Cisd2 (Miner1/NAF-1) is a key regulator of mitochondrial integrity and life
span via direct interactions with Bcl-21. As deficiencies in Miner1 drive prema-
ture ageing, cognitive defects and mitochondrial breakdown2, it is essential that
we understand the molecular regulation of this protein. We have shown that
Cisd2 is a CDGSH structural homolog that harbors the conserved two redox-
active 2Fe-2S clusters3. Pro and anti apoptotic Bcl proteins often interact
through their conserved hydrophobic BH3 domains. However, the CDGSH
family of proteins does not retain a region that is homologous in sequence
nor structure to this BH3 domain. In addition, Cisd2 binds to Bcl-2 in the pres-
ence of Beclin 1, which binds in the canonical BH3 binding site. Therefore,
Cisd2 must interact with the Bcl proteins in another fashion. We have begun
our investigation into this interaction with peptide array methods4 to identify
regions of Cisd2 involved in binding to Bcl proteins. Moreover, these interac-
tions directly affect the cluster stability of Miner1. The Cisd2 iron sulfur clus-
ters were significantly destabilized in the presence of Bcl proteins. This
interaction is specific as it was shown that while Cisd2 binds the anti-
apoptotic protein Bcl-2 this protein does not interact with Cisd1 (mitoNEET),
a human homolog with high sequence homology to Cisd2. We found Bcl pro-
teins to have no effect on the stability of the iron sulfur cluster of Cisd1. This
newly described protein interaction provides a link between mitochondrial in-
tegrity and the functional cofactor of specific CDGSH proteins.
Monday, February 27, 2012 259a(1) Chang et al. (2010) EMBO J 29, 606-618.
(2) Chen et al. (2009) Genes & Dev. 23, 1183-1194.
(3) Conlan et al. (2009) J. Mol. Biol. 392, 143-153.
(4) Katz et al. (2010) Chem. Soc. Rev. 105, 12277-12282.
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Multifunctional Aspects of PduA Shell Protein from the Microcompart-
ments of Salmonella enterica
Sharmistha Sinha, Chenguang Fan, Shouqiang Cheng, Thomas Bobik.
Iowa State University, Ames, IA, USA.
Bacterial microcompartments (BMC) are a functionally diverse group of pro-
teinaceous organelles that confine specific cellular reactions within a protein-
based shell. The propanediol utilizing microcompartment (Pdu BMC) contains
the reactions for metabolizing 1,2-propanediol in Salmonella. The Pdu shell
is assembled from a few thousand protein subunits of several different types.
The shell proteins are all constructed by the assembly of proteins belonging to
the same family of homologous BMC proteins. The shell is believed to be in-
volved in several functions including the transport of the co-factors in and
out of the BMC. However, till date no such transport mechanism has been
identified in Salmonella or any other BMC. In recent times the crystal struc-
tures of few of the shell proteins of the Pdu microcompartment including
PduA, PduT and PduU have been solved. PduA is a major component of
the proteinaceous shell of Pdu BMC and has been implicated to be involved
in diffusive transport of 1,2-propanediol. Our present report indicates several
other functions of PduA including proper BMC assembly and co-factor trans-
port. Using mutational analysis followed by a series of biochemical and
biophysical techniques we have identified for the first time a mutant which
grows slower than the wild type Salmonella strain on 1,2-propanediol. These
results and their possible implications in Pdu BMC will be presented and
discussed.
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Characterization of Metastable Oligomers as Subunits of Amelogenin
Protein Nanospheres
Keith M. Bromley, Andrew Kiss, Sowmya B. Lokappa,
Janet Moradian-Oldak.
University of Southern California, Los Angeles, CA, USA.
Amelogenin protein accounts for more than 90% of the protein content during
tooth enamel biomineralization and controls the organized growth of enamel
apatite crystals. The protein self-assembles into nanospheres in vitro. We ma-
nipulated the interactions between monomers by altering pH, temperature and
protein concentration to create isolated metastable oligomers. Recombinant
amelogenin (rP172), and three different mutants containing only a single tryp-
tophan (W161,W45,W25) were used. We observed stable but unstructured
oligomers with an average hydrodynamic radius (RH) of 7.5 nm at pH 5.5.
Fluorescence experiments with single-tryptophan amelogenins revealed that
upon oligomerization, the C-terminus is exposed at the surface of the oligo-
mers, while the N-terminal region is involved in self-assembly. Schematics
of themonomeric, oligomeric and nanosphere forms of amelogenin are indicated
at the relevant pH in the figure; A plot of wavelength emission maxima of ame-
logenin over a range of pH
values between 3.4 and 9.4.
The blue-shift in emission
wavelength was most ap-
parent at around pH 6. We
propose that nanospheres
form via oligomers.We pre-
dict that nanospheres will
break up to form oligomers
in mildly acidic environ-
ments in vivo and might be
functional components dur-
ing enamel maturation.
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Effects of Meclofenamate Sodium on Proteasome Activity in Cardiac Cells
Soyun Michelle Hwang, Aldrin V. Gomes.
University of California, Davis, Davis, CA, USA.
Among the investigated causes of cardiovascular disease (CVD), the prolonged
use of nonsteroidal anti-inflammatory drugs (NSAIDs) like aspirin and Meclo-
fenamate Sodium (MS), which are used to reduce pain and fever, has been as-
sociated with increased risk of heart failure. The molecular mechanism by
which NSAIDs induce cardiac dysfunction has yet to be completely elucidated,
but a study using aspirin has demonstrated inhibition of proteasome activity in
mouse Neuro 2a cells. The proteasome is a multi-catalytic protease complexthat degrades unneeded or damaged intracellular proteins to maintain intracel-
lular homeostasis. After 4 hours of incubation, 30mMMSwas found to decrease
the beta 5 chymotrypsin-like proteasome activity by 30% in H9c2 rat cardiac
cells. Unlike aspirin, which was not found to directly inhibit the proteasome,
MS directly modulated all three proteolytic activities of purified 20S mouse
proteasome. MS significantly increased the beta 1 caspase-like and beta 2
trypsin-like activities of purified 20S proteasomes in a concentration-
dependent manner. However, 500mM MS inhibited the beta 5 activity of puri-
fied 20S proteasomes by approximately 15%. Addition of 50mMMS to mouse
heart homogenates decreased the 26S beta 5 proteasome activity by 20%. At
MS concentrations found in the plasma of persons taking MS, MS was found
to severely hinder myotube formation during C2C12 mouse skeletal myoblast
cell differentiation. This is the first report of any NSAID directly affecting pro-
teasome activity in cardiac cells and could explain why NSAIDs like MS
should not be given to patients prior to heart surgery. Supported by NIH grant
HL096819.
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TheMolecular Basis of Cluster Formation byMembrane-Bound Lipidated
Ras
Alemayehu A. Gorfe, Zhenlong Li, Lorant Janosi.
University of Texas Medical School at Houston, Houston, TX, USA.
Recent studies found that stimulus dependent assembly and disassembly of
clusters of lipid-anchored signaling proteins on the plasma membrane is a cru-
cial mechanism by which cells achieve high-fidelity signal transmission. The
best characterized examples of lipid-protein assemblies are Ras nanoclusters
at the inner leaflet of the plasma membrane. Independent of expression level,
30-40% of Ras proteins assemble into 6-8 proteins per cluster. However, little
is known about the physical forces underlying the domain-specific localization
and clustering of these proteins. To address this issue, we carried out extensive
semi-atomistic molecular dynamics (MD) simulations of the C-terminal
membrane-targeting motif of H-ras (tH) in a phase-separated bilayer composed
of 2000 DPPC, DLiPC, and cholesterol molecules mixed in a 5:3:2 molar ratio.
We found that 4-10 tH molecules assemble into dynamic clusters whose stabil-
ity varies with the extent of lipid phase separation. At ambient temperatures, the
calculated cluster size distributions and the clustered fraction agree remarkably
well with the available experimental data. Clusters, but not monomers or di-
mers, segregate to the interface between the liquid ordered and liquid disor-
dered phases. The segregation is driven by the preferential interaction of the
saturated palmitoyls in tH clusters with the similarly saturated DPPC, and of
the polyunsaturated farnesyl with the unsaturated DLiPC lipids. This was con-
firmed by additional simulations in which individual lipid modifications were
systematically removed through a process of de-palmitoylation and de-
farnesylation. The preferential localization of the tH clusters at the domain
boundaries resulted in a significant reduction in the line tension and changes
in membrane curvature. Initial results on the full-length H-ras suggest that
the same fundamental forces drive its clustering, but steric effects modulate
the size and distribution of the clusters as well as the elastic properties of the
bilayer.
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Atomic Level Supramolecular Organization and Function of an Entire
Bioenergetic Organelle
Melih Sener, Johan Strumpfer, Klaus Schulten.
UIUC, Urbana, IL, USA.
An atomic level structural model of a bioenergetic pseudo-organelle, the chro-
matophore, is presented along with a stochastic spatiotemporal description of
its function. The chromatophore is an intracytoplasmic membrane vesicle of
50-70 nm size found in purple bacteria, comprising of over a hundred proteins
that cooperate to produce ATP by converting light energy. The primary func-
tion of the chromatophore is performed through the subprocesses of photon ab-
sorption, excitation energy transfer, charge separation, diffusion of electron
carriers, and the generation of a proton-motive force, culminating, finally, in
ATP synthesis. These subprocesses bridge quantum mechanical and classical
domains over timescales ranging from picoseconds to milliseconds. We present
an atomic detail structural model of an entire chromatophore vesicle obtained
by combining atomic-force microscopy, cryo-electron microscopy, crystallog-
raphy, spectroscopy, and proteomics data. The chromatophore model thus con-
structed features 99 LH2 complexes, 15 LH1-RC dimer complexes, 7 bc1
complexes, and 1 ATP synthase, as well as over 3000 bacteriochlorophyll pig-
ments. Based on the resulting supramolecular organization, a stochastic de-
scription of the aforementioned subprocesses are presented, revealing the
principles of efficiency and robustness in the light harvesting function of the
chromatophore.
